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(54) Optically tunable Fabry-Perot micro-electromechanical resonator 



(57) A tunable optical resonator whose resonance 
frequency is determined by a light signal introduced into 
the resonator. The resonator includes an optical cavity 
[10, 306] having a first mirror[13] and a second mirror 
[14]. The first mirror[13] and second mirror[14] are sup- 
ported relative to one another such that the distance be- 
tween the first and second mirrors may be altered by 
applying a force to said second mirror[14] thereby alter- 
ing the resonance frequency of said cavity. The resona- 
tor includes a light input port[13] for receiving a tuning 
light signal, and a light signal generator for generating 
the tuning light source[302]. The tuning light signal is 
introduced into the optical cavity[1 0,306] such that the 



tuning light signal is reflected between the first and sec- 
ond mirrors. In the absence of the tuning light signal, the 
resonator has a resonance characterized by a reso- 
nance response curve centered at Xq. The tuning light 
signal has a wavelength X 1 within said resonance re- 
sponse curve and sufficient power to cause said reso- 
nance response curve to shift such that the resonance 
response curve is now centered at A^, where X 2 >A. 1 . In 
one embodiment of the invention, a circuit[403] for mon- 
itoring the light leaving the resonator is utilized to control 
the wavelength and/or amplitude of the tuning light sig- 
nal such that the light leaving the resonator has a pre- 
determined wavelength. 
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Description 

Field of the Invention 

[0001] The present invention relates to optical filters, 5 
and more particularly, to tunable Fabry-Perot optical 
resonators, filters and lasers constructed therefrom. 

Background of the Invention 

10 

[0002] Tunable optical resonators are utilized in opti- 
cal communication systems and in the construction of 
lasers. Optical filters and lasers based on Fabry-Perot 
resonators can be constructed using microelectrome- 
chanical machining (MEM) techniques, and hence, can, 
in principle, provide an economically attractive tunable 
filter ortunable laser. In such devices, a Fabry-Perot res- 
onator cavity is formed between two mirrors. One of 
these mirrors is flat and located on a semiconductor sub- 
strate. The other mirror may be curved and is suspend- 
ed on a number of micro-mechanical cantilevers. Appli- 
cation of a tuning voltage between the cantilevers and 
the substrate causes the suspended mirror to move to- 
wards the fixed mirror on the substrate, thereby reduc- 
ing the spacing between the two mirrors of the Fabry- 
Perot resonator. Since the filter's bandpass frequency 
is determined by the mirror spacing, a reduction in spac- 
ing between the two mirrors causes the resonant optical 
frequency of the cavity to increase. The shift in the res- 
onant frequency enables the device to be used directly 
as a tunable bandpass fitter. If an optically-pumped or 
electrically-pumped optical gain medium (active region) 
is placed in the cavity, the device becomes a tunable 
laser, with the lasing wavelength controlled by the res- 
onant frequency of the Fabry-Perot cavity. 
[0003] The need to provide a tuning voltage limits or 
complicates the use of such cavities. For example, the 
filter must be provided with an electrical power source 
and feedback circuitry to provide the correct tuning volt- 
age. The tuning voltages are typically in the range of 
tens of volts. Such voltage levels are outside the usual 
control voltages on standard integrated circuits, and 
hence, the inclusion of this non-optical circuitry increas- 
es the cost and complexity of the devices. 
[0004] Broadly, it is the object of the present invention 
to provide an improved MEM Fabry-Perot resonator. 
[0005] It is a further object of the present invention to 
provide a MEM Fabry-Perot resonator that can be tuned 
via an optical signal without requiring that signal to be 
converted to an electrical control signal. 
[0006] These and other objects of the present inven- 
tion will become apparent to those skilled in the art from 
the following detailed description of the invention and 
the accompanying drawings. 

Summary of the Invention 

[0007] The present invention is a tunable optical res- 



onator whose resonance frequency is determined by a 
light signal introduced into the resonator. The resonator 
includes an optical cavity having a first mirror and a sec- 
ond mirror. The first mirror and second mirror are sup- 
ported relative to one another such that the distance be- 
tween the first and second mirrors may be altered by 
applying a force to said second mirror thereby altering 
the resonance frequency of said cavity. The resonator 
includes a light input port for receiving a tuning light sig- 
nal, and an optional light signal generator for generating 
the tuning light source. The tuning light signal is intro- 
duced into the optical cavity such that the tuning light 
signal is reflected between the first and second mirrors. 
In the absence of the tuning light signal, the resonator 
has a resonance characterized by a resonance re- 
sponse curve centered at A^.The tuning light signal has 
a wavelength X, 1 within said resonance response curve 
and sufficient power to cause said resonance response 
curve to shift such that the resonance response curve 
is now centered at Xg, where X2>X V In one embodiment 
of the invention, a circuit for monitoring the light leaving 
the resonator is utilized to control the wavelength and/ 
or amplitude of the tuning light signal such that the light 
leaving the resonator has a predetermined wavelength. 

Brief Description of the Drawings 

[0008] 

Figure 1 is a top view of a prior art Fabry-Perot 
based filter or laser. 



30 



Figure 2 is a cross-sectional view of the laser shown 
in Figure 1 through line 11-12. 

35 

Figures 3(A)-(D) illustrate the manner in which the 
resonance response curve is controlled by control- 
ling the tuning signal. 

40 Figure 4 is a plot of the filter response after the tun- 
ing signal has caused the moveable mirror to move. 

Figure 5 is a block diagram of a tunable filter ac- 
cording to the present invention. 

45 

Figure 6 is a block diagram of an embodiment of a 
tunable filter 400 according to the present invention 
in which the power level of the tuning signal is also 
adjusted to provide fine tuning of the resonance 
50 wavelength. 

Detailed Description of the Invention 

[0009] The present invention may be more easily un- 
55 derstood with reference to Figures 1 and 2. Figure 1 is 
a top view of a prior art Fabry-Perot based filter or laser. 
Figure 2 is a cross-sectional view of the laser shown in 
Figure 1 through line 11-12. A Fabry-Perot resonator 
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cavity is formed between mirrors 13 and 14. Mirror 14 
is flat and located on a semiconductor substrate 25. The 
mirror 13 is typically curved and is suspended on a 
number of micro-mechanical cantilevers shown at 
15-18. The mirrors are preferably constructed from a 
number of layers of transparent material having indices 
of refraction that alternate from layer to layer. Such mir- 
rors are well known to the art of semiconductor lasers, 
and hence, will not be discussed in detail here. To sim- 
plify the drawing, the layered structure of the mirrors has 
been omitted. 

[0010] The application of a tuning voltage via a volt- 
age source between the cantilevers and the substrate 
causes suspended mirror 1 3 to move towards mirror 1 4, 
thereby reducing the spacing between the two mirrors 
of the Fabry- Perot cavity. Since the resonant frequency 
of the cavity is determined by the distance between the 
mirrors, this reduction in spacing between the two mir- 
rors causes the resonant optical frequency of the cavity 
to increase. The shift in the resonant frequency enables 
the device to be used directly as a tunable bandpass 
filter. If an optically-pumped or electrically-pumped op- 
tical gain medium 20 is placed in the cavity, the device 
becomes a tunable laser, with the lasing wavelength 
controlled by the resonant frequency of the Fabry-Perot 
cavity. 

[0011] The present invention is based on the obser- 
vation that prior art devices of the type shown in Figures 
1 and 2 suffer from an undesirable wavelength-depend- 
ent tuning voltage. That is, the tuning voltage needed to 
set the resonance wavelength at any given value de- 
pends on the optical power density in the cavity for pow- 
er densities above some predetermined value that de- 
pends on the physical characteristics of the device. This 
shift in tuning voltage is the result of the radiation pres- 
sure in the cavity. The radiation force tends to push the 
moving mirror in the Fabry-Perot cavity away from the 
fixed mirror. Thus, the radiation force tends to tune the 
filter or laser to longer wavelengths. The magnitude of 
the radiation force is proportional to the internal optical 
power in the cavity, which is proportional to the optical 
output power from the filter. 

[0012] As the radiation force pushes the moveable 
mirror away from the fixed mirror, it also pushes the mov- 
ing mirror against the spring forces generated by the 
cantilever arms 15-18 discussed above. When the in- 
crease in spring force matches the radiation force, the 
moveable mirror will stop moving and the filter or laser 
will exhibit a new resonant wavelength. 
[0013] The present invention utilizes this effect to tune 
the resonant wavelength optically. By introducing an op- 
tical signal having a sufficient power into the cavity, the 
resonant wavelength of the cavity can be altered. It 
should be noted that the amount of power needed de- 
pends on the spring constants of the cantilever arms and 
on the "finesse" of the filter cavity. The finesse gives a 
measure of the number of times a photon is reflected 
back and forth. 



4 

Fabry Perot resonators having a finesse of greater than 
1000 are readily constructed using MEM techniques. 
The radiation pressure generated by a tuning signal is, 
in effect, amplified by a factor that is proportional to the 

5 finesse of the cavity. This amplification factor allows a 
relatively weak tuning signal to shift the resonant wave- 
length of the cavity by a large amount. 
[0014] As will be explained in detail below, the wave- 
length of the tuning signal sets the resonant wavelength 

10 of the cavity to within an error that depends on the width 
of the cavity resonance. The power in the tuning signal 
can then be used to fine tune the resonance frequency. 
Consider a Fabry Perot resonator having a resonance 
at Xo in the absence of the tuning source. Denote the 

15 wavelength of the tuning source by X T . Refer now to Fig- 
ures 3(A)-(C) which illustrate the manner in which the 
resonance wavelength of a Fabry Perot resonator shifts 
when a tuning signal of sufficient power is introduced 
into the cavity. For the purposes of this discussion, it will 

20 be assumed that the tuning signal wavelength is within 
the resonance response of the Fabry Perot cavity when 
the resonance wavelength is at Xq. Figure 3(A) illus- 
trates the initial position of the filter response curve 100 
and the relationship of the tuning wavelength to the rest- 

25 ing wavelength Xq. For the purposes of this discussion, 
it will be assumed that Xq < X T . The case in which Xq > 
X T will be discussed in more detail below. When the tun- 
ing signal is introduced into the cavity, it initially gener- 
ates a force F 0 on the moveable mirror. As noted above, 

30 F 0 will depend on the finesse of the cavity and the power 
level in the tuning signal. The radiation force F 0 causes 
the mirrors to move apart, and hence, the filter response 
curve shifts to a new location characterized by a new 
resonant wavelength X N as shown in Figure 3(B). The 

35 shift in the resonance response of the cavity increases 
the radiation force applied to the mirrors to a new value 
F 1f since the tuning wavelength is now closer to the 
center of the resonance response curve. However, as 
the moveable mirror moves away from its resting posi- 

40 tion, a restoration force that is proportional to the dis- 
tance moved is applied by the cantilever arms. Since 
the resonance wavelength is proportional to the dis- 
tance between the mirrors, the restoration force is also 
proportional to (X^ - Xq). The maximum radiation force 

45 will be generated when the resonance frequency coin- 
cides with Xy, i.e, that X N = X T . If the maximum radiation 
force is greater than the restoration force at X^ = X r , then 
the moveable mirror will continue to move to a position 
at which the new resonance wavelength is greater than 

so the tuning wavelength as shown in Figure 3(C). It should 
be noted that once X H becomes greater than X T , the ra- 
diation force will decrease, while the restoration force 
continues to increase. Hence, the distance between the 
mirrors will finally stabilize. If the maximum radiation 

55 force is not greater than the restoration force at X N = X T , 
then the mirror separation will take on a value corre- 
sponding to X N < X r . 

[0015] In the preferred embodiment of the present in- 
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vention, the power in the tuning signal is chosen such 
thatA N >A T , i.e., the configuration shown in Figure 3(C). 
The reason this configuration is preferred lies in the sta- 
bility of the mirror setting in the face of thermal noise. 
The moveable mirror is also subjected to thermal fluc- 
tuations that cause the mirror to vibrate about the posi- 
tion set by the tuning light signal and the spring resto- 
ration forces. These vibrations result in small oscilla- 
tions in the center frequency of the filter response or la- 
ser. These oscillations, in turn, introduce amplitude fluc- 
tuations in the filtered light or laser light signal. Hence, 
an arrangement in which these noise fluctuations are 
reduced is preferred. 

[0016] Suppose that the mirrors have stabilized as 
shown in Figure 3(C), and thermal noise causes the 
moveable mirror to be displaced slightly closer to the 
fixed mirror. In this case, the resonance response curve 
will shift to slightly shorter wavelengths, and the radia- 
tion force will increase. The increased radiation force will 
cause the mirrors to move further apart, i.e., the radia- 
tion force will counter the force induced by the thermal 
noise. Next, consider the case in which the thermal 
noise force acts in a direction that causes the mirrors to 
move further apart. The filter response curve will then 
be shifted to a longer wavelength. This will result in a 
decrease in the radiation force. The decrease in force 
will, in turn, cause the mirrors to move closer together 
under the influence of the spring restoration force ap- 
plied by the cantilever arms. Once again, the change in 
the radiation force acts to counter the force induced by 
the thermal noise. 

[0017] If the power in the tuning signal is set such that 
the An < Arp, the radiation force amplifies the thermal 
noise forces, and hence, increases the thermal noise in 
the light signals processed by the filter. Assume that the 
mirrors have stabilized in the configuration shown in Fig- 
ure 3(B). if the thermal noise force causes the mirrors 
to move apart, the resonance response curve will shift 
to longer wavelengths, and the radiation force will also 
increase. The increased radiation force will cause the 
mirrors to move still further apart. Hence, the radiation 
force will amplify the thermal noise. Similarly, if the ther- 
mal noise causes the mirrors to move closer together, 
the resonance response curve will shift to lower wave- 
lengths, and the radiation force will decrease causing a 
further shift to lower wavelengths. Once again, the ther- 
mal noise is amplified. 

[0018] The above discussion assumed that the tuning 
wavelength was close to the resting wavelength in the 
sense that both wavelengths were within the resonance 
response curve of the filter. The resonance was then 
shifted to a new value that was determined by the tuning 
wavelength and the power level of the tuning source. 
The amount by which the resonance wavelength can be 
tuned using this approach is determined by the width of 
the resonance response curve for a fixed tuning wave- 
length. However, a much greater tuning range can be 
achieved by shifting the wavelength of the tuning light 



signal. 

[0019] Consider the case in which the tuning light sig- 
nal has shifted the resonance wavelength to A N and A. N 
> A T as shown in Figure 4. Suppose the tuning wave- 

5 length is increased to a new tuning wavelength A' T . 
Then, the radiation force will increase from F 2 to F 3 . The 
increase in radiation force will cause the mirrors to move 
further apart until the new force is balanced by the spring 
restoration force. It should be noted that the radiation 

10 force also decreases to F 4 as the filter response curve 
moves to higher wavelengths. Hence, the new filter re- 
sponse curve, shown in broken lines, will be located at 
a center wavelength A/ N > X' T > A N . Hence, by slowly 
shifting the wavelength of the tuning light signal, the 

is center frequency of the resonance response can be 
moved still further. 

[0020] The distance the mirrors can be moved by 
shifting the tuning wavelength is determined by the max- 
imum radiation force and the spring constants of the 

20 cantilever arms. For a fixed power in the tuning light sig- 
nal, each time the wavelength is increased, the center 
wavelength of the resonance response curve moves 
closer to that of the tuning light signal when the mirror 
distance stabilizes. When the two wavelengths become 

25 the same, the maximum tuning for the current power lev- 
el will have been achieved. Once this point has been 
reached, any further increase in the tuning wavelength 
will result in a decrease in the radiation force. The de- 
crease in radiation force will result in the filter response 

30 curve shifting back to shorter wavelengths, which, in 
turn, will further reduce the radiation force. This shift will 
continue until the response curve shifts to a wavelength 
at which the tuning wavelength is no longer within the 
response curve, i.e., the radiation will then be zero. The 

35 spring restoration forces will then return the mirrors to 
their resting configuration, i.e., the center wavelength of 
the filter response curve will return to Aq. 
[0021 ] It will be apparent to those skilled in the art from 
the preceding discussion that the wavelength of the tun- 

40 ing signal sets the center wavelength of the resonance 
response curve of the Fabry Perot filter. The exact po- 
sition of the center frequency of the response curve rel- 
ative to the tuning signal wavelength and power cannot 
be accurately predicted theoretically; however, the rela- 

45 tionship can be measured for several values of the tun- 
ing signal wavelength and power. Then, measured val- 
ues can be used to generate the appropriate calibration 
curves. 

[0022] As noted above, for any given tuning signal 
so wavelength, the position of the resonance response 
curve can be fine-tuned by adjusting the power level of 
the tuning signal while leaving the wavelength fixed. 
Consider a Fabry Perot cavity in which the tuning signal 
power level is initially set such that the center wave- 
55 length of the response curve is longer than the wave- 
length of the tuning signal, i.e., the case shown in Figure 
3(C). If the power level of the tuning signal is increased, 
the mirror separation will increase, and the response 
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curve will be shifted to longer wavelengths. This shift will 
reduce the radiation force, since the tuning signal wave- 
length will now be further from the center of the response 
curve. Hence, when the system stabilizes, the center 
wavelength of the response curve will have increased 5 
by an amount that is a small fraction of the width of the 
response curve. If the power is reduced slightly, the mir- 
ror separation will decrease, and the center frequency 
of the response curve will shift to shorter wavelengths. 
The radiation force will then increase because the tuning 10 
signal wavelength will now be closer to the center fre- 
quency of the response curve. This will partially counter 
the shift in the response curve. When the new equilibri- 
um is achieved, the center wavelength of the response 
curve will have been reduced by a small fraction of the *5 
width of the response curve. 

[0023] In general, the tuning wavelength is chosen to 
be different from the wavelength at which the Fabry Per- 
ot resonator is to operate in either a filter or a laser mode. 
A Fabry Perot resonator has resonances at wave- 20 
lengths, X, such that 2D=NA., where D is the optical dis- 
tance between the mirrors and N is a positive integer. 
Accordingly, the tuning source can utilize a resonance 
at a first value of N to control the resonance about a 
wavelength at a different value of N . The tuning light sig- 25 
nal can then be removed from the output light signal with 
the aid of a band-blocking filter that blocks the tuning 
light signal but not the signal of interest. Such an em- 
bodiment of the present invention is shown at 300 in Fig- 
ure 5, which is a block diagram of a tunable filter accord- 30 
ing to the present invention. The input light signal at 
is combined with the light signal at wavelength X 1 from 
a tunable source 302 by an optical coupler 304. The 
combined signal is applied to Fabry Perot resonator 
306. The output of Fabry Perot resonator 306 is then 3s 
passed through an optical filter 308 that blocks light at 
X 1 but passes light at 

[0024] Refer now Figure 6 which is block diagram of 
an embodiment of a tunable filter 400 according to the 
present invention in which the power level of the tuning 40 
signal is also adjusted to provide fine tuning of the res- 
onance wavelength of resonator 306. To simplify the fol- 
lowing discussion, those elements of tunable filter 400 
that serve the same function as elements shown in Fig- 
ure 5 have been given like numeric designations. Tun- *s 
able filter 400 samples the output of filter 308 via coupler 
402. The sampled light signal is compared to a calibra- 
tion light signal having a wavelength of X3 by a control 
circuit 403. Controller 403 generates an amplitude con- 
trol signal that sets the amplitude of the output of light 50 
source 302 such that the output of filter 308 is brought 
closerto the desired wavelength. It should be noted that 
controller 403 may also generate the wavelength control 
signal for light source 302 based on the input calibration 
signal. It should also be noted that the calibration signal 55 
can be the output of light source 302 obtained from the 
unused port of coupler 304. In this case, controller 403 
adjusts the amplitude to maintain the resonator center 



wavelength at a fixed difference from the wavelength of 
the tunable light source. 

[0025] Optical comparators suitable for use in control- 
ler 403 are known to the optical arts, and hence, will not 
be discussed in detail here. It is sufficient to note that 
an optical mixer for combining the calibration light signal 
with the sampled output light signal and a detector for 
measuring the resulting beat frequency can be utilized 
if the difference in wavelengths is not large. 
[0026] In general, arrangements in which the distance 
between the mirrors is large compared to the Fabry Per- 
ot resonator working resonance are preferred, since the 
effects of thermal noise are reduced as the mirror sep- 
aration is increased. Unfortunately, in prior art electrical- 
ly tuned Fabry Perot resonators, the need to keep the 
tuning voltages as small as possible prevents the de- 
signer from taking advantage of this means for reducing 
noise. However, it will be appreciated from the preced- 
ing discussion that the present invention does not im- 
pose any such limitations, and hence, wider mirror sep- 
arations may be utilized. 

[0027] The above embodiments of the present inven- 
tion have assumed a separate tuning light signal gener- 
ator. However, it will be obvious to those skilled in the 
art from the preceding discussion that the present in- 
vention may be used to track an existing optical signal 
that is generated at a location remote from the filter. 
Hence, a filter system according to the present invention 
does not require a power source at the Fabry Perot res- 
onator to control the wavelength of the resonance. This 
allows the present invention to control a filter or laser 
that is in a remote location lacking power and having a 
markedly different temperature environment then that of 
the controller 403 or light source 302. 
[0028] In general, prior art MEM Fabry Perot resona- 
tors when designed even for a fixed frequency must in- 
clude some form of feedback circuit for precisely setting 
and holding the resonantfrequency at the desired value. 
The variations in the MEM process from device to device 
across a wafer will cause small variations in the reso- 
nance frequency. Hence, the mirrors must be set with 
the applied tuning voltage by comparing the output light 
wavelength with that of a standard light source at the 
desired resonant wavelength or a multiple thereof. For 
high precision applications, a feedback system must 
constantly adjust the applied voltage to compensate for 
other factors that change the mirror distance such as 
temperature changes. Hence, the present invention, 
even with feedback controller 403 and light source 302, 
is no more expensive than conventional MEM Fabry 
Perot resonators. 

[0029] While the above embodiments of the present 
invention have utilized a fixed mirror and a moveable 
mirror, it will be obvious to those skilled in the art from 
the preceding discussion that embodiments in which 
both mirrors are moveable may also be constructed 
without deviating from the teachings of the present in- 
vention. For example, the mirrors car. both be mounted 
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on flexible arms that are connected to a fixed substrate. 
Such embodiments, while more difficult to construct, re- 
quire half the power in the tuning light signal. 
[0030] Various modifications to the present invention 
will become apparent to those skilled in the art from the 
foregoing description and accompanying drawings. Ac- 
cordingly, the present invention is to be limited solely by 
the scope of the following claims. 



Claims 

1 . A tunable optical resonator comprising: 

an optical cavity[10, 306] having a first mirror 
[13] and a second mirror[14], said first mirror 
[13] and said second mirror[14] separated by a 
distance, said first mirror[13] and said second 
mirror[14] being mounted with respect to one 
another such that a force applied to said second 
mirror[14] will cause said distance between 
said mirrors to change, said resonator having 
a resonance characterized by a resonance re- 
sponse curve centered at a wavelength Xq\ 

a light source[302] for generating a tuning light 
signal having a wavelength within said re- 
sponse curve; and 

a light input port[13] for receiving said tuning 
light signal, said tuning light signal being intro- 
duced into said optical cavity[1 0, 306] such that 
said tuning light signal is reflected between said 
first and second mirrors, said tuning light signal 
having sufficient powerto shift said wavelength 
of said resonance response curve to X n , where- 
in X^>7^. 

2. The resonator of Claim 1 wherein said tuning light 
signal has a wavelength different from Xq. 

3. The resonator of Claim 1 or 2 wherein said resona- 
tor processes a tight signal having a wavelength 
wherein = IvOg, N and M being positive integers 
and N*M, and wherein said resonator further com- 
prises a filter [308] for blocking light of wavelength 
3U, thereby separating said tuning light signal from 
said processed light signal. 

4. The resonator of one of the preceding Claims fur- 
ther comprising a circuit [403] for monitoring light 
leaving said resonator and altering said wavelength 
of said tuning light source [302] so as to maintain 
the wavelength of said monitored light at a prede- 
termined value. 

5. In a method for tuning an optical resonator having 
an optical cavity[10, 306] comprising a first mirror 



[13] and a second mirror[14], said first and second 
mirrors being separated by a distance that is alter- 
able by applying a force to one of said first and sec- 
ond mirrors, said resonator having a resonance 
characterized by a response curve centered at a 
wavelength Xq, the improvement comprises intro- 
ducing a tuning light signal into said cavity such that 
said tuning light signal is reflected back and forth 
between said first and second mirrors, said tuning 
light signal having a wavelength within said reso- 
nance response curve and having a signal strength 
sufficient to cause said center of said resonance re- 
sponse curve to shift to X A , wherein X^>X. 

15 6. The method of Claim 5 wherein said tuning light sig- 
nal has a wavelength different from V 

7. The method of Claim 5 or 6 further comprising the 
step of altering said wavelength of said tuning light 

20 signal to cause the center of said resonance re- 
sponse curve to shift to another wavelength. 

8. The method of Claim 5 or 6 further comprising the 
step of altering said signal strength of said tuning 

25 light signal to cause the center of said resonance 
response curve to shift to another wavelength. 

9. The method of one of the Claims 5 - 8 wherein said 
optical resonator processes a light signal having a 

30 wavelength wherein NX-, = MX^, N and M being 
positive integers and N*M. 

10. The method of Claim 9 further comprising the step 
of providing a filter[308] for blocking light of wave- 

35 length X A thereby separating said tuning light signal 
from said processed light signal. 

1 1 . The method of one of the Claims 5-10 further com- 
prising the step of monitoring light leaving said res- 

40 onator and altering said wavelength of said tuning 
light source [302] so as to maintain the wavelength 
of said monitored light at a predetermined value. 

12. The method of one of the Claims 5-10 further com- 
45 prising the step of monitoring light leaving said res- 
onator and altering said signal strength of said tun- 
ing light source [302] so as to maintain the wave- 
length of said monitored light at a predetermined 
value. 
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tuning light signal is reflected between the first and sec- 
ond mirrors. In the absence of the tuning light signal, the 
resonator has a resonance characterized by a reso- 
nance response curve centered at The tuning light 
signal has a wavelength A. 1 within said resonance re- 
sponse curve and sufficient power to cause said reso- 
nance response curve to shift such that the resonance 
response curve is now centered at 7^, where A^>X 1 . In 
one embodiment of the invention, acircuit[403] for mon- 
itoring the light leaving the resonator is utilized to control 
the wavelength and/or amplitude of the tuning light sig- 
nal such that the light leaving the resonator has a pre- 
determined wavelength. 
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